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IN ODUCTION

The current high-G protection ensemble for aircrew personnel
includes an anti-G suit coupled with straining techniques to
offset the hydrostatic column effects of high +Gz exposures
(Burton, 1974; Gillingham, 1974; Wood, 1928). Anti-G suit
pressures usually start around ±2 to +3Gz, and increase as G
increases to a maximum suit pressure of approximately 520 to 620
mmHg or 10 to 12 pounds per square inch (Wood, 198R). The idea
behind the external increase in suit pressure is to reduce blood
shunting to the extremities, to mechanically increase internal
blood pressure, and to increase a pilot's physiological tolerance
above the normal +5Gz. Thus, an anti-G suit gives the relaxed
pilot an extra +2Gz of tolerance for a total of approximately +-G-Gz
(Palets, Tikhonov, Popov, Arkhangelskiy, Palets and Bonarenko,
1987). When anti-G suits are combined with a straining maneuver
(M-l or L-1), G-tolerance can increase up to +3 to +5Gz allowing
the pilot to tolerate -8 to +10Gz without losing consciousness
(Burton, 1974; Burton and Shaffstall, 1980).

For long duration exposures of +7Gz and above, straining
maneuvers must be repeated every 3 to 5 seconds. The M-1 and L-1
maneuvers, while quite effective, are physically taxing. When
straining maneuvers are performed for long periods of time (15 to
45 seconds), or repeated in close succession during numerous high-
G flight maneuevers, pilots become severely fatigued. When this
happens, straining maneuvers obviously lose their G protection
effectiveness (Gillingham, 1974).

Posi7'ive pressure breathing with dn exLeLtial counterpressure
vest has been suggested as a means to increase G-tolerance and
endurance (time-at-G) which would give an operational flight
advantage to the pilot. Pressures of 45 to 70 mmHg presented to
the lungs via an oro-nasal mask have been shown to increase G-
tolerance and endurance by increasing intrathoracic pressures,
reducing the mechanical effects of G on respiration and reducing
the effort needed to perform straining maneuvers (Burns, 1988;
Chambers, Kerr, Augerson and Morway, 1962; Shaffstall and Burton,
19*79; Shubrooks, 1973). ExpPrience with positive pressure
breathing in the Royal Air Force (RAF) of the Unitea Ningdom has
shown that, when coupled with full-coverage anti-G trousers,
relaxed G-tolerance was increased to +8.3Gz and high-G fatigue was
reduced to a minimum during flight (Prior and Cresswell, 1989).
Thus, positive pressure breathing allows the pilot to maintain
high-G flight profiles for longer periods of time, as well as
perform more high-G profiles in succession. However, Prior and
Cresswell (1989) also recorded an increase in pilots' reports of
pain and petechial hemorrhaging in body parts not protected by
counterpressure, namely the arms.

At the present, the U. S. Air Foorce is preparing to man--ratc a
positive pressure breathing apparatus (with vest counterpressure)
for inclusion into a new G-protection ensemble known as COMBAT
EDGE. This n"tudy was conducted during the oxygen regulator check-
out phase of the Combined Advanced Technology Enhanced Design
G Ensemble (COMBAT EDGE) system during the Marcn-Auqgust 199C)



ti'ne frame. The regulators which control air pressure to the cro-
nasal mask and counterpressure vest were tested during two
different occasions under sustained high-G stress in the Dynamic
Environment Simulator (DES) centrifuge at Wv-ight--Patterson Air
Force Base, Ohio. The two series of manned regulator tests
presented an early opportunity to obtain subjective data from
subjects concerning the use of positive pressure breathing under
high-G in our laboratory. Subjective opinions of the COMBAT EDGE
system so obtained may help predict the range of pilots' reactions
(as well as degree of acceptability) to positive pressure
breathing. Hopefully, the results presented here will eliminate
any surprises concerning pilot opinion and degree of acceptance
during operational deployment of the COMBAT EDGE system.

EXPERIMENT 1: SUBJECTIVE DATA COLLECTED DURING REGULATOR
CHECK-OUT NUMBER ONE

Methods

The COMBAT EDGE EnsembJe. A centrifuge subject fully suited
with the COMBAT EDGE ensemble is shown in Figure la. A close-up
picture of the helmet configuration is shown in Figure lb. Figure
2 depicts the pressure hose leads and a detailed breakdown of the
ensemble apparatus. The anti-G suit worn with the ensemble was
the standard CSU-13B/P suit, and was worn over the bottom portion
of the counterpressure vest. The pressures to the G suit were
controlled independently of the mask or vest pressures.

A Litton CRU-93 regulator controlled the breathing
pressure to the MBU-20P mask and chest counterpressure to the
vest. The main pressure hose from the CRU-93 fed into an
Integrated Terminal Block (ITB) which split off to provide the
same pressures to the mask and vest. Thus, equal pressures were
assured to provide approximately one-to-one external
counterpressure at the chest area to those pressures being
delivered to the lungs.

The helmet was a modified HGU-55P helmet with an
occipital bladder which inflated simultaneously with the onset of
mask pressure. A small pressure line from the main mask hose fed
into the occipital bladder. This assured equal pressures at the
back of the head and at the mask point-of-contact to prevent the
mask from "riding away from the face".

Positive Pressure Breathinqgj Profiles. The -RU-93 was
designed to smoothly deliver pressures at a rate of 12 mmHg/+lGz,
with onset at +4Gz. The maximum pressure delivered to the mask
and jerkin was 60 mmHg. Thus, the maximum pressure occurred at
+9Gz. The reason for the manned regulator check-out was to
evaluate the smoothness and accuracy of this profile. Overall,
the regulator performed reasonably well, although some problems
precipitated a re-design effort by Litton and was the reason for
the second manned regulator testing session outlined later in this
report. The detailed results of the engineering evaluations will
be addressed in a future report.

2



A

- A fully suited subject.

B

- Close-up of the helmet.

FIGURE 1.



MODIFIED HGU-55P HEL'AET
WITH OCCIPITAL BLADDER PRESSURE HOSE TO

OCCIPITAL BLADDER

MBU-20P MASK -

PRESSURE HOSE TO MASK

PRESSURE HOSE TO VEST k

INTEGRATED TERMINAL
BLOCK ITBI

TO CRU.93 REGULATOR EXTERNAL

COUNTERPHESSURE
VEST

CSU-J3B/P ANTI.G SUIT

- TO ANTI-G SUIT

PRESSURE SOU'CE

A detailed schematic of the COMBAT EDGE ensemble.

FIGURE 2.

High-G Profiles. The acceleration profiles consisted of four
different runs and are depicted in Figure 3. The first run was
+9Gz maximum with a gradual onset rate (GOR) of 0.1 G/sec and an
offset rate of 0.5 G/sec. The second run was +5Gz maximum with a
rapid onset rate (ROR) of 0.5 G/sec, a plateau of fifteen seconds
in length, and an offset rate of 0.5 G/sec. The third and fourth
runs were identical to the +5Gz run, except the maximum G levels
were +7Gz aDH +9Gz, respectively.
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ExPerimental Design. The order in which centgifuge subjects
experienced the high--G profiles was determined by the requirements
of the regulator evaluation, as well as a need for consistency
with tests previously conducted on the centrifuge at Brooks Air
Force Base, Texas. Because of these requirements, the order of
exposure was not counterbalanced to eliminate learning effects for
the subjective evaluation. Instead, the +9Gz GOR run was always
followed by the ±SGz ROR, the -7Gz ROR and the +9Gz ROR profiles.

A daily session consisted of these four run profiles for most
of the subject exposures. Some of the subjects were only exposed
to a few of the runs because of regulator problems, time
constraints or termination of the exposures by the subject. Some
of the subjects were exposed to each run more than once depending
on regulator quality and/or the subject's performance. For a more
detailed listing of each subject's exposure description, see
Appendix A.

Elicitation of Subjective Responses. There were four major
categories of COMBAT EDGE positive pressure breathing system
performance. The first was the incidence of body awareness or
pain. Subjects were askeO after each run if they were aware of
pain or discomfort in any •ody part. The second category was
straining characteristics. Subjects were asked after each run if
they were using straining maneuvers, and if so, what type of
straining maneuever was usee. The third category was mask
quality. Subjects were asked to relate any instances of mask
leakage or changes in mask pressure smoothness. The fourth
category was breathing ease. Each subject was asked to give
opinions as to breathina ease. In addition, the experimenters
recorded any incidence of extremely rapid and deep breathing
(hyperventilation).

In addition to the above four categories, data were collected
ccncerning the subjects' reasons for terminating high-G exposure,
subjects' reasons for withdrawing from the study, incidence of
petechiae, the effectiveness of using arm wraps to reduce the
incidence of arm pain and talking ability during positive pressure
breathing. However, the nature of these data did not allow for
systematic collection and serve as anecdotal evidence only.

Subj'ctS. Eleven male subjects, ages 26 to 39
(mean=30.7, std=3.9) participated in the first testinq session.
Table 1 shows the total number of daily sessions in which each
subject participated, flight experience, altitude chamber
experience, days since last centrifuge run and total centrifuge
experience on the DES. One subject had more than 5 daily sessions
with the COMBAT EDGE system; two subjects had 4 sessions; two
subjects had 3 sessions; three subjects had 2 sessions and three
subjects had 1 session. Five subjects had flight experience.
Eight subjects had altitude chamber experience with positive
pressure breathing. Days since last centrifuge run ranged from 5i
to 38 (mean=26.1; std=1O.3).
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Re si s

Each subject's detailed subjective response is presented in
Appendix A. The following results were obtained by averaging
reponses across subjects. A total of 26 scorable runs were
determined for the +9Gz GOR profile, 27 runs for the +5Gz ROR
profile, 26 runs for the +7Gz profile, and 25 runs for the +9Gz
ROR profile. Considering all high-G protiies, a total of 104
scorable runs were obtained.

Incidence of Pain. Table 2 shows the incidence rates of pain
in various body parts. Arm pain was the most often reported,
followed by leg pain, ear pain, buttock pain, facial pain and rib
pain. Pain occurred most often in the +9Gz ROR run, followed by
the +9Gz GOR, +7Gz ROR and +5Gz ROR runs.

TABLE 2.

Inceidence of, lPain

.9G./z (;OR1 +5(;t IR(}I .7G;/ Rill *9G1; I{(

"(2o rol(20 rL)IIN Atlla 12 l l, ,

i.• • . i US) 2 tiT, 2 (t;,') ()i , 4,),!
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(+IfJ.[ S~il ( ,9 (I•) 4. [ iI I 4WJ 21 H ,' :•

lypeq of Strairniq Maneuvers. Table 3 shows the most common
types of straining maneuvers reported. Tensing of the legs was
the most common, followed by the abdomen, the arms, a whole body
strain, the chest, the buttocks and the M-1 or L-I straining
maneuvers. Straining was required most often in the +9Gz ROR
run, followed by the +7Gz ROR, the -9Gz GOR and the +5Gz ROR runs.
'Iwo interesting subjective reports were obtained here also. There
were 7 instances where subjects forgot to perform any straining
maneuver at all. In addition, there were two instances where
subjects lost vision during the +9Gz ROR run, yet spontaneously
recovered their vision at plateau with no straining required.



TABLE 3.

Iypes of Straining Maneuvers

+9( (;(OR +S(;z ROR +7Gz ROR +9(;. ROR
"Type (26 rti_,, total) (27 runI, total) (26 runs total) (25 rtfLs total)

TOTAL:

S7 (.27) 6 (.22) 13 (.50) 14 (.56) 40 (.38)

'ohihf~ n (. 231 2 (.07) 4 (.15) 5 (.20) 17 (.16)

arms 2 (.0S) 1 (.04) 4 (.15) 5 (.20) 12 (.12)

,holc body 2 (.08) 1 (.04) 1 k.04) 4 (.16) 8 (.08)

chest 0 (.(X)) 0 (.00) 1 (.04) 2 (.08) 3 (.03)

huutncks 0 (00) 0 (.00) 1 (.04) 1 (.04) 2 (.02)

Ni- I or L- 1 1 (.04) 0 (.00)) 0 (.00) 1 (.04) 2 (.02)

TOTAL: 18 (.69) 10 (.37) 24 (.92) 32 (1.28 **

* Subjects reported more than one type of straining maneuver toi- each run.

NOTES:

TOTAL:
Straining.4Forgotten: 2 (.08) 1 (.04) 3 (.12) 1 (.04) 7 (.07)

"Spontaneotl'-
- isual reco.vyr.
wit h:o u
straining: 0 (.00) 0 (.00) ( (.00) 2 (.08) 2 (02)

9



Mask Quality. Table 4 shows the most often reported
decrements in mask quality. Leakage at the nose and eyes was the
most common, followed by leakage at the chin, general seal
leakage, mask raised away from the face and mask "chatter". Mask
quality decrements occurred most often during the 49Gz GOR run,
followed by the +9Gz and i-7Gz ROR runs, and the +5Gz ROR run.

TABLE 4.

Mask Quality

+9Gz GOR +5Gz ROR +7Gz ROR +9Gz ROR
Type (26 runs total) (27 runs total) (26 runs total) (25 runs total)

TOTAL:

Leakage at 6 (.23) 0 (.00) 3 (.12) 4 (.16) 13 (.125)
nose and eves

leakage at 2 (.08) 1 (.04) 4 (.15) 3 (.12) 10 (.10)
chin

general 4 (.15) 0 (.00) ) (.04) 1 (.0.1) 6 (.06)
leakage

mask raised 1 (.04) 0 (.00) 1 (.04) 0 (.00) 2 (.02)
away from
f. L&

pressure 0 (.00) 1 (.04) 0 (.00) 1 (.02) (,.02)
"chatter"Ln~d

TOTAL: 13 (.50) 2 (.07) 9 (.35) 9 (.36)

Subjects' reports of mask quality (percentage of total runs in parentheses).

10



Preathingq Ease. Table 5 shows the subjects' ratings of
breathing ease, as well as the experimenters' identification of
hyperventilation occurrence. There were 9 instances where
subjects were breathing extremely fast and deep, and the results
of these occurrences ranged from "talking the subject down" into
more normal breathing rates to where subjects stopped the
centrifuge i)" using the emergency B-stop (B-stop is defined here
as the subjects' termination of the high-G profile before the
prescribed end point). Subjccts reported more breathing ease than
breathing difficulty, however. More difficulties were reported
during the +9Gz GOR run than during the other runs. Conversely,
more reports of breathing ease were obtained during the 49Gz ROR
run than du ing the other runs.

TABLE 5.

Breathing Ease

+9(;z ;(OR +5(;z ROR +7Gz ROR +9Gz ROR
ypC (26 runs total) k27 IruIns to0.1) ,2) runs totldi (25 run.,, 1o111)

"TOTA L:neecded.

r"talked

!o\vn" froin

vCntilation) 1 (.04) 1 (.04) 2 (.08) 0 (.00) 4 (.04)

lv,, tiiv l 1 r.0-1) 2 ((07) 1 (.04) 1 (.04-) 5 k.0 5)

verv hard 6 (.23) 3 (.11) 1 (.04) 3 (.12) 13 (.125)

h:trd c, (.23) 4 (.14) 2 (.08) 1 (.04) 13 (.125)
S6 .23) 7 . 7 (.27) 6 (.23) 26 (.25)

,,cry eaisy -4 (.15) 9 .3) 9 (.35) 7 (.28) 29 (.28)

oust SL din . 1 (.04) 1 (.04) 1 (.04) 5 (.20 _ 8 (.08)

Overall
Difficulty': 14 ( 54) 10 (.37) 6 (.23) 5 (.20) 35 (.3-11)

Overall

VIsc: i1 (.42) 17 (.63) 17 (.A5) IS (.72) 63 (.01)

Suhjec,.:r' reports of brcathir- ca11- [)czcent.IgC oftotal runi., in ImIc1thcc',).



Anecdotal Data. Table 6 shows the reasons for subjects' 13-
stops which ended their acceleration runs before the prescribed
exposure time. Arm pain was the reason most reported, followed by
breathing difficulties, straining forgotten, vertical nvstaqmus
and fatigue. B-stops occurred most often during the i9Gz ROR run,
followed by the -9Gz COR run and the +7Gz ROR run. There were no
B-stop occurrences during the +5Gz ROR run.

TABLE 6.

Reasons for Subjects' B-Stop

+9Gz COR +5(;z ROR +7(;z ROR +9(;z ROR

IT's pe (26 runs total) (27 runs totuil) (26 runs total) (25 ris total)

airmpii 3 (.12) 0(. W(X) 0) (.(W) 2 (.08) 5 .0,Oý

i ii __2l 2 (.08) 0 (.00) 0 (.00) 2 (.08) 4 (.01)

rcml•inoll)

..trai ni ni
I'rj..iLn 0 (.00) 0 (-(X)) 2 (.()8 0 (.(W)j 2 (.02)

vcrtic;iI
rl.ytJglu'; 0 (.0t0) 0 (.0X) ~ 0 (.00)) 1 (.04-) 1 (.O1)

___ 0/ (.0(1() 0 (.(X)) 0 (.00) 1 (04) 1 (.01)

TOTAL: 5 (.19) 0 (.00) 2 (.08) 6 (.24)

Subject.' [CdiSt, i tor 11-stlop (pcrccntugc of total runs in p~trciithcsc.).



TFwo subjects withdrew from the study. Subjects SH and LP
(Appendix A) dropped out due to extreme arm pain. During the
first daily session, subject SH reported major degrees of
discomfort due to high pressures in the G-suit, pain in the arms
and buttocks and difficulties in exhaling. Subject SH stopped the
runs using the B-stop three times, twice during the two +9Gz GOR
runs and once during the +9Gz ROR run. During the first run of
the second daily session, subject SH stopped the run and withdrew
from the study due to extreme arm pain. It was determined during
the debriefing period that subject SH had injured his right elbow
within the last two years severely enough to require corrective
surgery. However, this subject reported extreme pain in both arms
and general dislike for the system as the reasons for withdrawal.
It should be noted that subject SH was an ex-pilot with 150 hours
of flight experience in the F-16 aircraft, as well as 5 hours of
altitude chamber experience.

During the first daily session, subject LP reported pain in
both arms during the +9Gz GOR run, the +7Gz ROR run and the +9Gz
ROR run. Subject LP did not stop the runs through the B-stop,
however, until he was well within the +9Gz ROR profile (and then
because of vertical nystagmus, not arm pain). Subject LP did not
report any major problems with breathing during the runs, and in
fact reported that breathing was quite easy at the higher-G runs
(the subject showed very mild signs of hyperventilation during the
+5Gz ROR run). However, 24 to 72 hours after this first daily
session the subject reported that he could not raise his left arm
due to extreme shoulder/elbow pain and muscle numbness. Subject
LP subsequently withdrew from the study. It should he noted that
subject LP had no flight experience, no altitude chamber
experience, and had only 4 hours of previous centrifuge experience
before participating in this COMBAT EDGE evaluation.

All subjects exhibited marked petechiae on the arms at some
time during their respective daily sessions. For example, subject
TR exhibited petechiae after the first session, yet did not after
the second to fourth sessions. Subject BE exhibited petechiae on
the arms and buttocks after the first two sessions, yet did not
after the third or fourth. In contrast, subject SC exhibited
petechiae on the arms after all four sessions. All subjects with
three daily sessions or less exhibited petechiae after every
session.

The high incidence of pain and petechiae of the arms was most
probably due to the shunting of blood into those body parts not
protected by external counterpressure (buttock pain/petechiae
included, see Figure 2 for the areas of the body protected by the
vest and anti-G suit). As early as 1966, Ernsting stated that a
full body counterpressure garment used with positive pressur-
breathing would eliminate pain due to blood shunting and blood
pressure increases in unprotected areas. Thus, arm wraps (ACE
elastic bandages or surgical qupport hose) were used with four
subjects in an attempt to alleviate arm pain. For two of those
subjects, TR and BE, arm pain was eliminated using arm wraps
during a total of 12 ruras of varying C levelz. Petechiae w;ere
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also reduced. For subject WH, arm pain still occurred during the
+9Gz GOR and +9Gz ROR runs while wearing arm wraps. Pain was
eliminated during the -ý-5Gz ROR runs. Subject FA reported no arm
pain wearing the arm wraps until the +9Gz ROR run, where he could
manipulate the degree of pain by squeezing and tensing his arms.
The harder he tensed his arms, the less severe the pain. Subjects
WH and FA still exhibited petechiae after wearing the arm wraps.

Subjects also devised theji own ways in which to reduce arm
pain. Subject FA repeatedly raised the left hand to the right
shoulder in an attempt to elevate the elbow and alleviate pain.
Subjects BE, SC, FA and WA tensed their arms and hands to reduce
arm pain.

Another anecdotal result concerned talking ability during
positive pressure breathing. Two subjects, TR and SH, attempted
to talk during the +9Gz ROR ru., while at plateau. The subjects
were instructed to repeatedly count from 0 to 9. Subject TR could
not talk during the first two runs. During the third run, talking
could be heard but not understood. Subject SH could not talk
during his only run at +9Gz ROR.

Still another anecdotal finding concerned the mask seal.
Subjects BE and CA reported that the quality of the mask seal
could be manipulated by jaw and/or facial movements, which is a
standard procedure during pressure breathing indoctrination in the
altitude chamber. For example, subject CA had trouble with the
mask "riding away from the face" during pressure delivery. This
subject moved and re-positioned his jaw to bring the seal back
into place and remove the leakage around the mask. He renorted
that, whenever he felt the mask begin to "ride" or leak, he simply
re-positioned his jaw and/or mouth. The mask also caused
noticeable imprints around the nose and mouth of each subject.
These imprints seemed to disappear quickly after the mask was
removed, and were rather benign according to subject opinion.

Two subjects, PO and SH, reported an intense dislike for
the COMBAT EDGE system due to a loss of control of their norrmal
straining maneuvers, as well as a loss of normal bodily feedback
from the anti-G suit during high-G runs. During his first two
daily sessions, subject PO reported that he was "fighting" against
his G-suit, and the pressures of the suit were much greater than
he remembered during other runs (although the actual pressures
were the same as all standard G-suit profiles). By the third
daily session, however, this subject was becoming accustomed to
the system and had changed his straining maneuver techniques.
Subject SH reported that the loss of feedback from the anti-G suit
did not allow him to regulate his straininig maneuevers, and
expressed doubts as to whether or not pilots would accept and/or
use the system (subject SH was the ex-F16 pilot who withdrew from
the study due to arm pain).

Finally, there were two subjects who reported virtually
no problems with the system (other than intermittent arm pain),
and thoroughly enjoyed the extra high-G protection of the positive
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pressure breathing system. The first subject, TR, had the most
experience with the COMBAT EDGE system of any of the subjects.
Subject TR had a total of 22 sessions with the COMBAT EDGE system
before these subjective data were collected. Subject TR also had
up to 120 hours of flight experience, 1.5 hours of altitude
chamber experience, and 94 hours of centrifuge exposure. This
subject came the closest to emulating a typical operational pilot
in terms of overall high-G experience and static altitude chamber
positive pressure breathing experience. Conversely, subject HU
had no flight experience, 0.25 hours of altitude chamber experience,
and 37 hours of centrifuge exposure. Yet, this subject reported
that "I couldn't believe I was at 9 G". Subject HU "played" with
his peripheral vision during the onset of the +9Gz ROR run, then
relaxed at plateau with no problems.

EXPERIMENT 1: SUBJECTIVE DATA COLLECTED DURING REGULATOR

CHECK-OUT NUMBER TWO

Methods

The COMBAT EDGE ensemble, the positive pressure breathing
profiles, the high-G profiles and the experimental design used
during the second session were identical to those used in the
first session, above.

Elicitation of Subject Responses. The elicitation of
subject responses differed from the verbal protocol used for
session one. Two questionnaires were developed using the
information obtained from the earlier high-c runs. Questionnaire .
concerned the subjects' opinions of each of the separate high-G
profiles (+9Gz GOR, +5Gz ROR, +7Gz and +9Gz ROR). Questionnaire 2
concerned overall ratings of the entire session and was completed
after all profiles had been run. Questionnaires 1 and 2 are
presented in Appendix B and C, respectively.

Subjects. Eight male subjects, ages 24 to 39 (mean=29.3,
std=4.1) participated in the second testing session. Five of the
eight subjects had participated in the first testing session, and
so had obtained some experience with po;.tive pressure breathing
under high-G. Table 7 shows the total number of runs each subject
participated in during the second session as well as the number ot
r,,ns during the first session, flight experience, altitude chamber
experienace, days since last centrifuge run and total centrifuge
experience on the DES.

Results

Questionnaire 1: Individual Profile Ratings. The following
results were obtained by averaging responses across subjects. A
total of 12 scorable runs were obtained for the +9Gz GOR profile,
11 runs for the +5Gz ROR profile, 11 runs for the +7Gz ROR profile
and li runs for the +9Gz ROR profile.



TABLE 7.

COMBAT LDGE PBG LXPERIENCE PROFILES FOR SESSION #2

U '- -- _-
"- X -

UU

TR 2 Yes, 120 hours, .5 hours 3 101.5
27 runs F-I 11, F-4, fhours

rmed. observer

SC Yes, none none 5 15.0
4 rns hours

Yes,
CA 2 2 runs none 0.5 hours 3 ,9.5

hours

WA 2 Yes, none 0.5 hours 2 20.0
hours

3F. 1 Yes, 80 hours, 3.0 hours 35 5.5
4 runs 1'%41, T-37 1"-'r U . .s

ex-pilot

MA 1 No none none 7 4.5
hours

JA 1 No none 0.25 hours 38 27.0-
hours

OL I No none none 15 4.0
hours

* Subject withdrew from study due to lack of expezience at +9Gz acceleration levels.



a. Breathing Ease: Question Li. Figure 4 shows the

subjects' responses concerning breathing ease. For all four

profiles, most subjects reported an increase in breathing ease

while using the COMBAT EDGE system. The instances of breathing

difficulty occurred during the two *-9Gz runs and the +7Gz run.
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FIGURE 4.
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b. Mask Seal: Question ±2. Results for quality of the rask
seal are shown in Figure 5. As can be seen, during the J-5Gz RCR
run there were no reports of mask leakage. However, during the
+7Gz ROR and +9Gz ROR runs, reports ranged from slight to
noticeable leakage of the mask seal. During the +9Gz GOR run,
responses were more even]-. distributed, suggesting that mask
leakage occurred most often during this profile.
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c. Degree of Straining Re__u•ired: Question #L. Figure 6

shows subjects' responses as to the degree of straining required

under each of the four profiles. For the +5Gz, +7Gz and +9Gz ROR

runs, straining effort was roughly equal.
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d. Types of Straining Maneuvers: Question L4. Table 8
shows the frequency at which subjects reported using straining
techniques. Tensing of the legs was used most frequently, followeýi
by the M-1, arms and buttocks, the chest and the L-1 maneuver.
Straining maneuvers were used least during the +5Gz ROR profile,
followed by the +7Gz ROR, and the two +9Gz profiles.

TABLE 8.
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Qucuoun r.1: '• 1111'CnLdi'if ,hi, % li I)ODY AREAS or iTCI INIQULS did yiu u, tlhc
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e. Body Pain: Question L5. Table 9 shows the areas of the
body where pain occurred most often. Pain occurred most often in
the area of the arms at the wrist to elbow, followed by the elbows,
the area from elbow to shoulder and the wrists. The highest instances
of pain occurred during the two +9Cz profiles. However, overall
ratings suggested that pain occurred much less frequently during the
second session (approximately 8 percent of the time) than it had in
the first session with the COMBAT EDGE system (approximately 40
percent of the time).

TABLE 9.
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Ouestionnaire 2: Overall Ratings. A total of 11
questionnaires obtained from 7 subjects were used as data.
Figures 7, 8, 9 and 10 show the responses to Questionnaire 2.

The overall wearing comfort of the COMBAT EDGE system was
rated, on an average, somewhat better than the standard anti-G
suit. The straining effort required while wearing the COMBAT EDGE
system was rated overwhelmingly less than the anti-G suit.
overall severity of body pain was rated somewhat better with the
COMBATr EDGE system, while the severity of petechiae was rated the
same or somewhat worse.

The level of fatigue was rated much less with the COMBAT
EDGE system. Loss of control of bodily feedback with t~he COMBAT
EDGE system showed no discernible response patterns.

The COMBAT EDGE system was rated as an advancement in G-
protection four times and was rated as "a great leap forward"
seven times.

Subjects recommended the COMBAT EDGE system for use in the
cockpit without reservation six times, and with some changes five
times. Recommended changes included custom-fitting the helmet,
custom-fitting the mask and a training program aimed at
familiarizing pilots with the system before use in the cockpit.

Subjects chose the COMBAT EDGE system nine out of eleven
times over the standard anti-G suit. All subjects, no miatter how
nany times they had run, stated that the COMBAT EDGE system
increased their personal G-tolerance on an average of +2.2Gz.
The average rated personal G-tolerance with the anti-G suit was
+8.9Gz, whi'le with tn',e COMBAT EDGE system it was rated +l0.9Gz.
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Overall Ratings

(N=7) 11 runs total

Question #1. 12
When comparel to the standard
anti -G suit, please rate the 8
OVERALL WEARING CONIFORT 8
of the COMBAT EDGE system: -

4

, 
0-

E E

E

Question #2. 12
When compared to the standard g
anti-G suit, please rate the - 8
OVERALL STRAINING EFFORT
required while wearing the
COMBAT EDGE system: 4

8.

Question #3. 12 E

When compared to the standard
anti-G suit. please rate the 8 -
OVERALL SEVERITY OF ix
BODY PAIN while v.canng the "0
COMBAT EDGE system: 4

E

FIGURE 7.
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Oerall Ratings
(continued)

(Ný7) I I ru~v, total

QueNtion 4. 12

When compared to tite siandaid
anti-G suit, plc&sc rate the sc•crilv -
of the uny red spots (PtTECIIIAE)
that appear" on )our body after
wearing the COMBAT EDGE 4system: E

SySCZ

-FA

Question k5.

When compared to the sta..-
anti-G suit. please rate 'sour -
OVERALL LEVEL OF FATIGUE
while w"a ing the COMBAT
EDGE system: 4

EE

E a

z 0 -

Question 06. 12 __________________

Wher, compared to the standaid
anti-O suit. did you e:xperience 8
the feeling of LOSS OF
CONTROL Of BOD!LY
FEEDBACK due uo COMIBAT 4
EDGE system chaacteristics

during high-Ce:
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Overall R{atillp

(conunucd)

(N=7) 11 runs Luil

Qucstion N7. 12

Overall, how would .ou rate the --
COMBA'F EDGE system as 8 -
MEANS OF G-IMROTECTION: U

0

r- -

Question #8. 12

Woulu you tCcommend the use
of the COMBAT EDGE system
in the fightcr co.kpat:

4
0

zFh

kT-c

Question h. , 12

If you had it choi,;c between twc~trug the st~anddrd autG suit 8
and the COMBAT EDGEL W
syst,.11, Whiu il A.uuIU you- -

0

--

FIGURE 9.
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Overall Ratings
(contnud)

(N=7) 11 runs total

Quesuon #10. When compared Lo the standard
anti-G suit, estiniaLe the
DIFFERENCE IN YOUR
PERSONAl. G-TOLERANCE
while wearing the COMBAT EDGE
system:

3.0 12 3.0

" 8 .1.5

t• .3.0

L"--

tj

Quesuon 0 11. Esumi•e the MAXIMUM +G.z
LEVEL you blxieve you could
withstand with the sL.ndard
anti-G suit and the COMBAT
EDGE SYSTEM:

• 14 i0.' +(;"•"- .. •" 1206 -- 8.9 , .6z__-

FIGURE 10.
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DISCUSSION

Data From Regulator Check-Out Number One

These data provide a fairly good baseline point from which
to predict problem areas during operational deployment of the
COMBAT EDGE system. The first, and most prevalent, problem area
documented from the first evaluation was that of arm pain. The
counternressure vest covered the trunk area, but did not provide
coverage of the arms. Blood shunting and the attendant blood
pressure increase in the unprotected extremities have been well
documented (Ernsting, 1966). However, using arm counter-pressure
similar to that found in the vest would severely restrict the
range of movement during the time of pressurization. Arm wraps
reduced, but did not completely eliminate, arm pain and petechiae
in every subject. It is expected that most, if not all, pilots
flying with the COMBAT EDGE positive pressure breathing system
will experience some degree of initial arm pain.

Some subjects reported pain in the legs. Pain in the areas
of the boot tops and at the back of the knee were the most common
types of leg pain. The top of the boot would be the area where,
mechanically, blood shunting would have the most effect since the
G-suit only reached to this area. Pain behind the knee was found
to be related to subjects' habits of tucking the G-suit laces into
the open space behind the knee. When subjects were instructed
not to tuck the laces, pain in this area was not found.

Ear pain wag rcported three times by one subject. This
subject described the pain as "fullness" in the ears and neck, and
as "popping" of the ears. This can be related to the increase in
presure in the oro-nasal cavities, as well as the Eustacian tubes
from the throat to the inner ear during positive pressure
breathing.

Buttock pain can be related to the design of the anti-G
suit. There is a cut-out of material at the buttock area where
no counterpressure occurs. As was found with the arms, body areas
lacking counterpressure material usually suffer from blood
shunting. An explanation for the lower incidence of reported pain
in the buttock area can be related to the fact that subjects were
being pusied down into the seat at high levels of +Gz, thereby
creating counterpressure at the buttocks without a cover garment.

Rib pain and facial pain can be related to the high
pressures around the rib cage due to the counterpressure vest and
the high pressures of the mask and occipital bladder of the
helmet, respectively. In effect, the vest "squeezed" the rib
cage, and the mask/occipital bladder "squeezed" the facial area.

Another set of important findings obtained from this first
study concerned straining maneuvers. Some subjects reported that
their typical straining maneuver was not needed and was indeed
"too much" during positive pressure breathing. The typical M-1 or
L-1 maneuvers were reported only twice during high-G runs.



Subjects also reported a loss of control 3f the straining maneuver
and a lack of bodily feedback from the anti-G suit. Typically,
subjects reported that they needed to "relearn" their maneuvers.
Some subjects simply used the positive pressure breathing in place
of their straining maneuvers.

The most commonly reported straining maneuver consisted of
straining with the legs and pushing against the G-suit and lower
part of the counterpressure vest with the abdomen. Arm straining
also occurred, but was mostly related to subjects' attempts to
reduce arm pain. Whole body strains did occur, but were less
common than the leg or abdomen strain. Tensing of the chest or
buttocks was was also less common.

There were seven instances where subjects forgot to strain
during the onset of high-G. This has direct implications for
training with positive pressure breathing. The subjects were
concentrating more on their breathing techniques and subsequently
forgot to strain.

An unexpected, exciting phenomenon was reported by two
subjects. One subject forgot to strain, lost vision to the point
of black-out, then spontaneously recovered vision at plateau. The
other subject fell behind the curve on his straining maneuver,
lost vision to black-out, then also spontaneously recovered at
plateau. This means that positive pressure breathing may well help
pilots recover from black-out or G-induced loss of consciousness
during flight.

Reports of mask leakage centered mostly around the nose,
eyes and chin, especially during the two +9Gz runs when the mask
pressures were greatest (maximum 60 mmHg). However, these results
should be interpreted with caution since the he3.met/mask ensemble
was not individually fit to each subject. ror this study, on'y
the small and large size helmets were available, and helmet fit
was less than optimal for most subjects. Nevertheless, these
results still point to potential problems concerning noticeable
mask leakage.

A total of 9 instances of abnormally rapid and deep
breathing occurred. Most of these instances occurred during the
initial runs with the system. As subjects learned how to "breath
backwards" (passive inhalation, forceful exhalation), fewer
difficulties were reported. Most subjects reported during later
runs that breathing was much easier due to the lessening of
mechanical "weight" on the chest and diaphragm during positive
pressure breathing. Overall, subjects reported that breathing was
much easier with the COMBAT EDGE system (a 63/35 ratio for ease
over diLfficuty).

The two most common reasons fur the termination of runs
before the scheduled end time (through the subjects' B-stop) was
the incidence of arm pain and breathing difficulty. This could be
taken as evidence of the severity and importance of both arm pain
and feelings of breathing difficulty for future training purposes.



Data From Regulator Check-Out Number Two

Five of the eight subjects used in this second session had
experience with the COMBAT EDGE system during the first session.
As such, subjective responses concerning the use of the COMBAT
EDGE system were somewhat different during this session than the
first. In addition, more examples of anecdotal evidence were
available during the first session due to the nature of the open-
ended verbal protocol. During this second session the format of
the standard paper-and-pencil questionnaire discouraged the
elicitation of anecdotal data.

Individual Profile Ratings. For high-G levels above +7Gz,
breathing ease was rated easier with the COMBAT EDGE system than
without, which supported the majority of the responses obtained
during the first session. In addition, during both +9Gz runs,
mask leakage was worse than at the lower G levels as was also
found during the first session.

Much less effort was required for straining maneuvers while
using the COMBAT EDGE system, and the types of straining maneuvers
reported replicated the results found in the first session.
Tensing of the buttocks and legs were used in conjunction with the
M-1 maneuver, especially during the +9Gz runs. Tensing of the
arms was also used to reduce incidence of arm pain.

The largest differences in results between the first and
second sessions concerned the reports of body pain. For the first
session, during approximately 40 percent of the runs subjects
reported body pain with the majority occurring in the arms. For
the second session, pain in the arms was again the most common
type of pain but was reported on an average only 8 percent of the
time. Subjects stated anecdotally after the second session that
the increased experience with the COMPIT EDGE system seemed to
decrease the incidence of pain in not only the arms, but also the
legs and buttocks. These results have direct bearing on training
issues before introducing COMBAT EDGE to the cockpit.

Overall Rating. Eight of the 11 ratings for overall
wearing comfort showed that the COMBAT EDGE system was better than
the anti-G suit alone. Comfort could have been mediated by the
presence of the counterpressure vest coverage, which is not
present with the G suit alone. Even the presence of arm pain did
not decrease the ratings of wearing comfort.

Ratings of straining effort suggest that subjects found
high-G exposures muc.h less taxing while wearing the COMBAr EDGE
system. This finding is further supported by the ratings of
fatigue. ratigue was ratea much less while using COMBAT EDGE.

Seven of the 11 ratings for overall body pain showed that
the COMBAT EDGE system was better than the anti-G suit alone,
a'though as discussed earlier, body pain was much greater with the
COMBAT EDGE systrem during the first session. Only four ratings



suggested that body pain was the same or worse with the COMBAT
EDGE system. The severity of petechiae was rated the same or
worse with the COMBAT EDGE system nine out of eleven times, which
supports the anecdotal data obtained from the first session.

During the first session, some subjects stated that the
counterpressure vest and postive pressure breathing removed or
dampened the cues they normally used from the anti-G suit to begin
their straining maneuvers and remain aware of the level of G to
which they were being exposed. However, a question aimed directly
at this issue did not yield any interpretable patterns. Three
subjects reported some loss of control, five reported control was
the same as the G suit and three reported control was better with
COMBAT EDGE.

The last series of questions dealt with the subjects'
perceptions of the COMBAT EDGE system as a means of G-protection,
which was not addressed in the first session's data collectior.
Overwhelmingly, subjects rated the COMBAT EDGE as an advancement,
and most subjectz recommended it for use in the cockpit with only
a few design suggestions. An extended training program was
suggested by subjects as a means to familiarize pilots with
system characteristics, such as initial body pain, breathing
requirments, and the general "feel" of the system. Custom-fitting
of the helmet and mask was also suggested to reduce any helmet
discomfort or distracting mask leakage.

On all of the 11 runs, subjects stated that COMBAT EDGE
increased their G-tolerance. The average estimate(, increase in G-
tolerance over the standard anti-G suit was 42.2Gz.

CONCLUSIONS

The following is a list of possible problems with pilot
opinion and acceptability that may occur with tue introduction of
the COMBAT EDGE system:

- Arm pain and increased petechiae.

- Pain in other body areas.

- Need for "relearning" of straining maneuver.

- Forgetting to strain because of novelty of the
positive pressure breathing systam.

- Distraction due to mask leakage.

- Need for "relearning" of breathing techniques.

- Incidence of hyperventilation.

S-0



The following is a list of advantages that the COMBAT EDGE
system can confer to help increase pilot acceptability:

- Reduction of effort needed for straining maneuvers
(from M-1 or L-1 maneuvers down to tensing legs
and abdomen).

- Breathing ease is increased during high-G
flight profiles.

- Spontaneous recovery from black-out and G-induced
loss of consciousness.

- Average reported increase in G-tolerance of +2.2Gz.

To increase the list of advantages, or to neutralize the
possibly negative points concerning the COMBAT EDGE system, it is
highly recommended that a training program be implemented
concerning the following points:

- Decrease the incidence of arm pain through repeated

exposures to high-G with positive pressure breathing.

- Decrease breathing problems through practice.

- Train for relearning of straining maneuvers.

- Familiarization with the advantages of COMBAT EDGE
(increased G-tolerance, reduced straining effort and
fatigue) to ensure acceptance in the pilot community.
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APPENDIX A.

Individual Subjective Responses From Regulator Check-out Number One

I3
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SUBJECT TR

Session
Category No. +9Gz GOR +5(;z ROR 4 7Gz ROlR +9(;z R(I

ELM none none nonI no.ie

2 none none none none

3 none none slight pain in slight pain ;n
left elbow both elbows

wrapped 4 none none none none
armis

wrapped 5 a) none a) none
arms b) none b) none

•..1amm• tensed legs to
1 none none none remove grey-out

lslgh:, tcmighng ..... . .nd
of legs abdomen on way

to plateau

none at plateau

3 none none tensed legs strained 3
times at top of
plateau

4 none none tensed legs played" witn

periplhcral vision
by tcnsing legs
arod abdomnen

5
1) none a) none

b) none b) tensed legs



SUBJECT TrR

WCoait.)

Session
Category No. +9(z (;)OR +5(;/ ) ROR +7(;z ROR +9(;z ROR

______ I no10e none nonc none
Qaldify

2 slight leakage none none none

3 leakage at none leakage at plateau noneI +7.5Gz around nose and eyes

4 leakage at peak "chatter" in mask none 'chatter" in mask
around nose and eyes

5 ------ a) none a) none ------

b) none b) none

1very easy vry easy very easy outstIndig'

2 ,cry csy very easy very easy outstanding

3 very easy very easy very easy outstnding

-1 very easy very easy very easy very easy

5a) vcry easy a) very easy ------

b) very easy b) very easy

SI - -......... can't talk

2 ------ ------- can't talk

3 - -very difficult

to understand

4 and 5 not determined
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SUBJECT BE

Session
Category No. +9Gz GOR +5Gz ROR +7Gz ROR -,-9(;z ROR

1 none fullness iin ears ------ pain in left cibo'.

2 pain in both fullness in ears and pain in both none
eibows helmet too tight anus

3 tensing of aimns pain in both arms pain in both pain above both
reduced pain a1id car popping elbow s elbowks and inside

arms

\, rapped 4 none none none none
arm~s

Sr, ia i nin i, straining with none pushcd on pedals
abdomen with legs
against G -suit

none none none pushed on pedals
with legs

pu)shed on pedals noeC straining with strain ing with
'A ith legs abdomen arms, legs and

against G-suit abdomen

4 pushed on pedals !none tensed legs %-I ! and tensed
with legs and legs to "push
:straining "; ith lights back out"
abdomen

I none movement of jaw none
resealed ma,'k

2 leakage at plateau
1uound nose and eves none i1Onec slight leakage

3 lcakagc at - +7Gz none none leakage at plateau
around nose and eyes

4 cakage at - +6Gz none sl.!it leakage leakage at plateau
aroun d nose and cyc,



SUBJECT BE

(Cont.)

Session
Category No. +9(; (;OR +5(;z ROR +7(;z ROR +9(;z ROR

Blreath inL,

1 very hard hard very easy

2 hard easy very easy very casy

3 hard very easy very easy very easy'

4 hard very easy very easy outstanding I

Talk in 2
A bilityv

- not deternined -

3 7



SUBJECT SC

Session
Category No. +9Gz 11OR +5(z ROR --7(; I(.R +9(;z l(OR

I none none - pain inI left knec
behind joint

2 Dain in both none pain in both pain in both
forearns foreamns forearms

3 tensing of arms pain in boLh anns pain in left and ** "funny" bone sore
reduced pain right elbows on both arms

4 ------ pain In left foractml pain in left forcarm
and elbow and elbow

Sirainin- "spontaneous-
tensed legs nOne rccoverv of vision

during black-out,
no straining

2 slight NI-I tensed legs at first, tensed legs tensed legs to push
then stopped out peripheral Vision

3 straining with legs none none ** (aborted due to
and abdomen ann pain)

4 ------ straining with straining with
arms and legs arms and legs

OuLliIy I leakage at plateau none . .none
around eyes

2 none none none noie

3 leakage at - +8-9Gz none none ** (abotecd due to
around nose and eycs arn pain)

41------- none n10;)

** Subject stopped high-G exposure before normal end of run.



SUBJECT SC
(Cont.)

Session
Category No. +9Gz (;OR +5Gz ROR +7Gz ROR +9Gz ROR

Breathin2
1 very hard hard easier

2 easy easy slight hyperventilation, easy
talked down

3 easy slight slight ** (aborted due to arm
hyperventilation hyperventilation pain)

4 ............- easy hyperventilation
(too fast and deep)

TalkinL,
Abilt - not determined -

** Subject stopped high-G exposure before normal end of run.
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SUBJECT 1"O

Session
('ate•ory No. +gGz GOR +5Gz ROR +7Gz ROR +9(;z ROI(

i II - I II I - I . . ...

1 pressure too high in pressure to,)high in none pare in both anus
G-suit (pain in legs) G-suit (pain in legs)

2 pain in arms and none pain in arms and numbness in lips
legs legs

3 pain m right arm pain in right elbow pain in right elbow pain in right eibow
. against armrest .....

1 straining with non•" none straining with _
abdomen abdomen

"fighting" against "fighting" against pushed against hard, whole body
G-suit G-suit and pedals ,*ith legs strain I

pushing against I
pedals v, ith legs

straining with slight tensing ot none tensed arm•, a•d
abdomen abdomen legs

()ualily 1 none none slight leakage none II
at chin

leakage at- +TGz none none none
around eyes

none none none slight leakage

at llObg

SImattlm
S1 hard h•u'd easier easier

not in control of not in control of not ill control of lack of normal
straining/breathing straining/breathing strainingJbreathing bodily feedback

hard to breathe with easier easier very easy
pressure against
atx.lomen

Tzflk, in,-

- not determined -
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SUBJECT WH

Session
Category No. +9Gz GOR +SGz ROR +7(;z ROR +9(;z ROR

ia *l ..
pain in both elbows pain i right elbow pain in both elbows pain in bcth elbows

wrapped 2 ** **
arms pain in left arm none none pain in both anus

wrapped pain in left arm and pain in left calf pain in left teg pain in left let and

arms in left side of ribs and ankle a:;d nght arm right a:rm
(jerkin pressure)

Slrainim, ** **
I straining forgotten straining forgotten straining forgotten straining forgotten

**
2 ** none slight whole body slight whulc body hard, whole body

strain strain strain

3 tensed arms and pushed abdomen pushed abdomen straining is no
legs instead of against G-suit against G-suit different than at
using M- I lower G-levels

_ **

ualit 1 ** none none none leakage at chin

2 ** none none leakage at chin ** none

3 leakage at - S8GL none leakage at ihose leakage at nose
around chin and eyes and eyes

fivealhin,'

1 punched ouit because cannot breathe in asked for coaching punched out after
of breathing passively on breathing losing vision due to
difficulty breathing difficulty

punched out due to taking in too "much to(, hard" to punched out after
hypcrvCntilation much air breathe correctly losing vision due to

breathing difficulty

3 easier easy hard (thot'ght about easy
breathing too much)

Talking
[l- not determined -

** Subject stopped high-G exposure before normal cnd Of [tin.
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SUBJECT SH

Session
Category No +9Gz GOR +SGz ROR +7Gz ROR +9GzR~OR

1 a) punched out because none punched out because
of high pressures in of pain in arms
G-suit**

b) punched out because
of pain in arms and
buttocks

2 ** punched out because
of arm pain--subject
withdrew from study
immediately

iS! rurir[.•' ** 
**

a) none none tensing of arms
** and legs

b) none

2 * - -i-s-ng ---

S~**

1 a) none none l** one

b) none

2 ** - mising -

Breathing,

1 a) could not exhale none not breathing "right"

b) not breathing "right"

2 * - missing .............

---l-- 1 can't tall.k

2 not dctermined -

* * Su jc--t stoppcd high -( cxpo.'tire hbcorc norm:il end ot r1m.
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SUBJECT CA

Session
Categorv r,, +9(; (G.I? +5Gz ROR +7G(z ROR +9(; ROR

1 none none pain in arts land
buttocks

pain in left arm none pain from lifting arm none
to re-position mask

Strainii ,
1 straining forgotten slight strain with lost vision and

arms and legs spontaneously
recovered
without strainfing

2 slight straining at 10on,. straining with arms straining v, MI arms
-6.5Gz and legs and legs

Quaity 1 none none slight leakage adjusted

by L.., , ii al (Y'c~ lcnt

2 mask "popped out" non1e "popped out" slight leakage,
away from face again at -+6Gz chminged jaw position

! hyperventilated, vAas easier -much easier
talked down

2 easy very easy easy very casy

Tlalkiyic

not determined -

4 3



SUBJECT FA

Session
Catcgory No. +9Giz GOR +5(;z R()R +7(;z R()R +9(;/ RO(R

Ulm ---- - none ** a) left arm pain .....

b) pain in o)th arm.,s
(kept I,, ft hand on
opposite shoulder to
Clevate ann)

wrapped 2 none none (kept left ** a) none arm pain cm'.eC
arms hand on b) n and went , "ith

shoulder to 0)non tel.il of arm,
elevate ann)

S- ,.,ae ** a) straining forgotten-

went grey and

punched out

b) tensing with arms
and legs

2 strained vAith leg.,, slight strain ** a) straining forgotten- strained A ith lc,,
and abdomen widh lees went grey and and chest

punched out

b) strained with legs,
chest and abdolmcn

iL k

01,1, It----1 none ** a) none

b) leakage at plateau
around chin

2 none none ** a) 110non

b) prcssures from
mask no( noticeable

!ireat hinv'
I held breath ** it) none

b) none

more *natural" eas' ** a) grey-out, doesn't very Casy
rciicniL-'r

b) ca-,y

TIalk ing!

Snot dectrinined -

** Subject sopped high-(; rxpo.,urc b HOc 1 nornald end Il iiii.



SUBJECT LP

Session
Category No. +9Gz GOR +5(;z ROR +7Gz ROR +9(;z ROR

pain in both anrs none pain in both amis extreme pain in both

arms (punched Out
due 11 ertical
nvysta gmus)

NOTE: for 1 to 3 days after session, subject couldn't raise left arm, and withdrew from study

Straining
**

general straining none none (general general body straining
at - visual dimming and

"seeing worms")

Mis

leakage around nose none leakage around nose none
and eyes and eyes

BrealhIhin

easy breathing slightly easy easy
too fast

- not determined -

** Subject stopped high-G exposure before normal end of run.
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SUBJECT WA

Session
Category No. +9Gz GOR +5Gz ROR +7(.z ROR +9(;z ROMR

Ldn
1 pain in both elbows redu,:ed pain by pain in botht aims pain in 0both aims

(going to "blow up") tensing arms

Straining- I*
1 straining with slight strain straining with legs, lost strain in che:st a,-d

arms and legs with legs arms and buttocks buttocks, punched oat
("played" wiih due to fatigue and
visual dimming) grey-out

Mask
L1~Jit leakage around chin none extreme leakagt, none

at - +7Gz around chin at plaL.au

flreathin_*
1 breathing "backards" easier much easier doesn't remember

is difficult (grey-oLIt)

AXbility
not determined -

* Stbjc,-t stoppcd high-G exposure hcforc normal end of ruin.



SUBJECT HU

Se'ssion
CatcgorY No. +9Gi(;z )R +-;(;i. IRR +7(;z. R()R +9(;z ROR

Sann 11Cslight straiin straini ngih legs whole bodv strai fl to
with le-s aind abdom en pLSh1 VI Sudis b:tck OLId

at onset -- relaxed at
plateau

Q)uality 11011C~O1' none '1011C

eCl~ldI'l bclic\c )Li1ttadffllI ou~tStAnding outistainding
I va- at 9 GV

Idhlifi''

- not dctecrimncd-
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APPENDIX B.

Questionnaire 1: Individual Profile Ratings from
Regulator Check-Out Number Two
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QUESTIONNAIRE #1 FOR THE COMBAT EDGE EVALUATION

Name: Date:.

Individual Profile Ratings (Please Circle Appropriate Profile)

+9Gz slow onset (GOR) +5Gz last onset (ROR)

+7Gz fast onset (ROR) +9Gz last onset (ROR)

1) When compared to the standard anti-G suit, please rate breathing ease while wearing the

COMBAT EDGE system:

I I I I - -- I
much somewhat sa soeMu
harder harder betler better

2) Please rale the quality of the mask seal of the COMBAT EDGE system:

I - - - I - - I - - I I
extrer•e noticeable acceplable slight no
leakage leakage leakage leakage leakage

3) When compared to the standard anti-G suit, please rate the degree of straining required

while wearing the COMBAT EDGE system:

I I_ I I I_-
much more sonmo-a same somewhat Mrid less

etfon more effort less etfort tfort

4) While straining, which body areas or technlquesdid you use the most with the COMBAT

EDGE system? (You may use the same rating number for more than one selection.)

1 - Used all the time
2 - Used most of the time

3 - Used periodically
4 - Used rarely
5 - Didn1 use at all

ARMS BUTTOCKS

M-1 LEGS

L-1 Other

CHEST
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5) While under high-G stress with the COMBAT EDGE system, in which body areas did you
experience the most pain? (You may use the same rating number for more than one selection.)

1 - Pain all the lime
2 - Pa:, most of the time
3 - Pain periodically
4 - Pain rarely
5 - No pain at all

HEAD HANDS

EARS CHEST

NOSE-IHROAT BACK

FACE ABDOMEN

NECK BUTTOCKS

SHOULDERS THIGHS

ELBOWS KNEES

WRISTS ANKLES

ARM (wrist to FEET

elbow)

ARM (elbow to
shoulder)



APPENDIX C.

Questionnaire 2: Overall Ratings from
Regulator Check-Out Number Two
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QUESTIONNAIRE #2 FOR THE COMBAT EDGE EVALUATION

Name:_Date.

Ovra1ll Rainos

1 When compared to the standard anti-G suit, please rate the overall wearing comfort ot the
COMBAT EDGE system:

_ _ _ _ _ _ _ _ _ _ I _ _ _ _ _ I_ _...._ _

ruCh somewhat same sornewtt.. nb.h
worse worse beler better

2) When compared to the standard anti-G suit, please rate the overall straining effort required
while wearing the COMBAT EDGE systemý

_________________ ___________________ I ________________ __ _________________

much more rnoe eCOrt same less ehiort nxcfh less
effort effont

3) When compared to the standard anli-G suit, please rate the overall severity of body pain
h, . ........... .e , OMBAT EDGE yiem:

Imuc sorretkI same somh rIuch
worse wýOrse better benfle

4) When compared to the standard anti-G suit, please rate the severity of the tiny red spots
(petechlae) that appear on your body atter wearing the COMBAT EDGE system;

mIch somewha same somewhat muhI
worse worse better better

5) When compared to the standard anti-G sud, rate your overall level of fatigue while wearing
the COMBAT EDGE syslem:

Mich sorneAwt' sanpe sonewl ial muchi
grealer geaie.r less lSS

6) When compared to the standard anti.G suit, did you experience Ihf feeling of loss of control
of bodily feedback due to the COMBAT EDGE sysltm charaterislics?

___ Yes, total loss of control
__Yes, some loss of control

No difference
___ No, control same as G-suit

No, control better than G-suit

Comments-
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7) Overall, how would you rate the COMBAT EDGE system as P means of G-protectlon?,

a Lkb I Iy a possiule neutral an advarcer rent a great

thndrv',c kap fowad

8) Would you recommend the use of the COMBAT EDGE system in the fighter cockpit?

Yes. without reservation
Yes, with recommendations
Neutral
No, must be redeSigned
No. not even with chiingj(

Cornrnenfl __s_____ __

9) It you had a choice bet ve- n we,,;:;,g ',e standard anti-G suit or tMe COMBAT EDGE system,

which would you cr.

Anit-G Suit
COMBAI EDGE

.~.; e, r, ,he criteria you used to niake your choice:

1C When compared to t',. s ,ndarc ir: :., .uil. estimate the ditference In your personal

G-tolerance w',, -a I,-j L C'i .I.[ EDGE syslem.

A r_ -- t; e-'- t; C-

13. 10 Co110 d tr. -r -
0. U' .rec: ;ec -, -

11) Estimate me maximum -,-Gz , i aou b)fiuve you uould wilhsta-;d wdih.

A. - the Arii-G Sui: *, S. ,"IIm 1• gfi -1e k , ".r I;, nt isel rale,
B - COMBXA1 EDG[ E6. 15 ,.eCfidlI weoi prrit.1

12; Any comments or recornmenidations coricitIrung the (.OMBA1 I D(11. y
Any qualitius we missed'?

"IANKI) I ( ! " 'LJfi Ct 'm,;111 IAll 0.1

. i i - , I.
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